The article presents the results of research into the transformation of series of hydro-meteorological data for determining dry periods with the Standardised Precipitation Index (SPI) and the Standardised Discharge Index (SDI). Time series from eight precipitation stations and five series of river discharge data in Eastern Kujawy (central Poland) were analysed for 1951-2010. The frequency distribution of the series for their convergence with the normal distribution was tested with the Shapiro-Wilk test and homogeneity with the Bartlett's test. The transformation of the series was done with the Box-Cox technique, which made it possible to homogenise the series in terms of variance. In Poland, the technique has never been used to determine the SPI. After the transformation the distributions of virtually all series complied with the normal distribution and were homogeneous. Moreover, a statistically significant correlation between the λ transformation parameter and the skewness of the series of monthly precipitation was observed. It was similar for the series of mean monthly discharges in the winter half-year and the hydrological year. The analysis indicates an alternate occurrence of dry and wet periods both in case of precipitation and run-offs. Drought periods coincided with low flow periods. Thus, the fluctuations tend to affect the development of agriculture more than long-term ones.
INTRODUCTION
One should not adopt a negligent attitude to the process of analysis of series of data, particularly those of the environmental type. Special care is required at the initial stage of the analysis process, i.e. proper data preparation for further investigation. Provided that the theoretical assumptions concerning the selection of the statistical method for the series analysis are met, one can presume that the obtained results and conclusions are correct. If, however, these assumptions are violated, several possible options arise. SAKIA [1992] sets forth a number of solutions. Following his approach, one can completely ignore the initial assumptions and continue with the analysis process as though they were met -how to interpret the results at which we arrive is the question that one has to face though. Another possibility is the development of a new model which will be true to all the initial assumptions. It is also necessary to turn to alternative proceedings of statistical analysis, e.g. apply non-parametric statistics which does not require any initial assumptions.
The normal data distribution pattern, along with the homogeneity of the series, is frequently the fundamental assumption. If one should be inclined to presume that the distribution pattern of the series of data is not normal, he/she ought to attempt to find the method that will make the distribution pattern normal or close-to-normal. An obstacle of this type usually occurs when it is necessary to select an appropriate transformation in order to obtain the highest possible accuracy of calculations, thus the highest accuracy of the results. The mechanism behind this process is based on the selection of a proper transformation and transforming each element of the series. Therefore, if one has n number of observations of the investigated variable x (x 1 , x 2 , x 3 , ..., x n ) (and each transformed variable is denoted as u), after the transformation one shall obtain the series of (u 1 , u 2 , u 3 , ..., u n ). Analyses of various variable distribution transformation techniques to the normal pattern were provided by BART-LETT [1947] , HOYLE [1973] or STRUPCZEWSKI [1967] . Typical, practically applied transformations include: logarithmic, root, hyperbolic, power, logit and many others.
Series of environmental variables most frequently display asymmetric distribution patterns with various levels of skewness and various kurtosis. By nature, the series of precipitation data are skewed positively which derives from the fact that they do not take negative values and are not in any way limited in the positive value area [TWARDOSZ, WALANUS 2011] . In most cases, the number of low values is larger than that of high values, consequently, the "right arm" of the distribution pattern will be longer. Distributions of 24-hour precipitation are characterised by the highest skewness, distributions of monthly precipitation are less skewed and distributions of annual precipitation display the lowest levels of skewness. The distribution pattern of a 24-hour period precipitation can be, with high approximation, described by means of the exponential distribution [DINGENS, STEYAERT 1971; MITOSEK 1997; TWARDOSZ, WALANUS 2011] . The distribution of annual precipitation, following observations by DINGENS, STEYAERT [1971] , KO-ŻUCHOWSKI [1985] , is close to the normal distribution pattern. This conclusion is also confirmed in the research by BARTCZAK et al. [2013] performed for the series of annual precipitation in Eastern Kujawy, Poland. Therefore, it should be a foregone conclusion that the distribution patterns for monthly precipitation will occupy the space between the exponential distribution and the normal one. KENDALL [1960] states that the empirical distribution of monthly precipitation can be described by the incomplete gamma distribution or the gamma distribution. Analysing the series of annual maximum daily rainfall in Central Poland (29 series from the period 1966-2010) KRĘ-ŻAŁEK et al. [2013] argued that they can be represented by four types of probability distribution: Weibull, log-gamma, gamma and log-normal.
Like precipitation series, hydrological series can also display a larger or smaller levels of skewness. A particularly close consideration is given to the distribution patterns of the extreme discharges -maximum and minimum. On their basis situations which pose threat to human are analysed and modelled. The maximum discharges are the basis for analysing and modelling of floods, whereas the minimum discharges serve to analyse and model low water and hydrological drought events. A detailed analysis of statistical distributions of extreme monthly, half-yearly and yearly discharges for rivers in central Poland was presented by JOKIEL [2007] whose research indicated that series of monthly extremes were characterised by various distribution patterns (gamma, log-gamma, log-normal and Weibull). Moreover, it would be problematic to indicate any order or clear pattern in their seasonal distribution. For snowmelt-induced high flow months (February-April) the gamma and Weibull distribution patterns are most frequent, while in summer high flow months (June-August) these are the gamma and log-gamma ones. In the case of the series of monthly minimums, most are described with Weibull distribution. As for the 24-hour discharge, SEN, NIEDZIELSKI [2010] described those values for the Oder River by means of five parameters of Wakeby distribution mostly applied to describe extreme hydro-meteorological series -the maximum values of precipitation and discharge (e.g. GRIFFITHS [1989] , PARK et al. [2001] , SU et al. [2009] ).
The time during which the research is performed seems to be of significant importance for the skewness parameter of a series. The shorter the period the larger the skewness. The reverse is also true: lengthening of the research time results in a series being less skew [KENDALL 1960] .
It is a frequent occurrence that transformations result in the variance being simultaneously adjusted and constant in the transformed series. Constant variance is not dependent on the observation value or the series length [HOYLE 1973] , which means that the series have constant variance in relation to the changing mean value.
The main objective of this work was to adopt the best, and at the same time, the most precise technique of bringing the distribution of precipitation and river outflow series to, or close to, the normal distribution. The above-presented analysis of reference material has indicated that the distribution patterns of hydrometeorological data series vary and that various complex analytical techniques are applied to determine them. The very process of series transformation, however, is not given a thorough consideration, as it is sufficient to know that the result of the test of the se-ries being compliant or normally-distributed after the transformation is satisfactory. The accuracy of the transformation, and hence the accuracy of the results obtained in the subsequent analysis, is not always checked.
The abovementioned research has been done because the standard normal distribution implies a number of interesting and practical properties such as: 1) the random variable takes the value within the range -∞; +∞ and is not limited on either extreme. 2) the normal distribution is symmetrical; the axis of symmetry is determined by the following values: mean, median and mode which are located at the same point of the distribution. These properties have been used to evaluate the intensity of a meteorological drought with the help of the SPI (Standardised Precipitation Index). According to ŁABĘDZKI, BĄK [2002] , the index is "one of the many objective criteria for drought evaluation". It is utilised to detect dry periods and evaluate their intensity. The SPI for a given area is determined on the basis of long precipitation series for desired periods of time. MCKEE et al. [1993] , however, as one of the properties of the index indicate the possibility of using it for other hydro-climatic characteristics e.g. river discharges, snow cover, soil humidity, level of ground water etc. What is more, owing to the application of the standard normal distribution and its properties the index enables comparison of the investigated characteristics within the framework of the same climate as well as the same characteristics in different climate zones. It is recommended by the Polish hydrological and meteorological service as the drought monitoring index. It has been used to identify and evaluate the intensity of drought events among others in Poland ŁABĘDZKI 2004; ŁA-BĘDZKI et al. 2008] , Germany [KHADR et al. 2009 ], Sicily [BONNACORSO et al. 2003 ], Portugal [COSTA 2011; PAULO et al. 2012] , Greece [CARAVITIS et al. 2011] , USA [GUTTMAN 1999; MCKEE et al. 1993] , Pakistan [KHAN, GADIWALA 2013] , Bangladesh [JA- HANGIR ALAM et al. 2013] , Africa [DUTRA et al. 2013] . Professional literature provides various techniques of SPI calculating with two of them being the most popular:
The first one relies on determining the parameters of probability distribution with maximum likelihood method followed by calculating the probability of the precipitation sum in the series for the distribution not being exceeded. Finally, the values of the variable with normal standardised distribution is calculated for the given probability [ŁABĘDZKI 2006] .
The other technique requires a selection of a proper function to transform a series of precipitation to normal or close-to-normal distribution. According to ŁABĘDZKI and BĄK [2002] and ŁABĘDZKI et al. [2008] the best transformations for this purpose are: for monthly sums or ln P, and for multi-decade ones , , or ln P.
STUDY AREA AND DATA
The study area -the eastern part of Kujawy, is a region in central Poland. This is a very specific area as, on the one hand, it is characterised by a negative structure of the water balance -it has some of the lowest precipitation and specific run-off records in Poland (particularly in the growing season) [BART-CZAK 2007; BARTCZAK, BRYKAŁA 2010; BARTCZAK et al. 2013; BRYKAŁA 2009; GIERSZEWSKI 2000] , on the other hand, however, it is a predominantly agricultural region. Preparing the area for agricultural use required intensive land improvement efforts. Nevertheless, these works were of a specific, one-sided character. Aimed at lengthening the growing season, the amelioration works were concentrated on faster water drainage after the spring snow-melt. The analyses and research conducted by BRENDA [1997] have shown that this is the water deficit that hampers the agricultural development in the area. The highlyvaried and unique system of the environmental conditioning along with human activity have prompted detailed studies of this area. The basin of the Zgło-wiączka River has been given a particularly thorough consideration becoming a testing-ground for detailed hydrological study performed by the authors in the period 2010-2013. The identification of wet and dry periods between 1951-2010 was one of the set objectives. The analyses were based on two data series concerning the discharge of the Zgłowiączka River as well as that of its largest tributary -the Lubieńka River. However, to cater for the requirements of this article, and for the sake of verification of the obtained results the scope of research has been enlarged to use the series of data on the discharge of the following rivers: the Skrwa Lewa (the catchment adjacent in the east), the Noteć (the catchment adjacent in the south) and the Tążyna (the catchment adjacent in the west). The analysis of the series of precipitation data was conducted on the basis of eight precipitation stations. The location of the water-gauge and precipitation stations has been presented in Fig. 1 . All of the stations are included in the gauging network of the Institute of Meteorology and Water Management in Warsaw, Poland.
Rather than the calendar year (January to December), as it is normally assumed in standard climate studies, the series of precipitation data cover the hydrological year (November to October). For each station, the analysis was conducted for monthly, halfyearly (XI-IV -the winter season, V-X -the summer season), yearly and seasonal (IV-IX -growing season) series. As a result, the analysis of 16 series was performed for each station (water-gauge and precipitation). Table 1 depicts the time span of the used data. The time span for most series encompassed extreme periods (wet and dry) both regarding the precipitation and the river run-off, which guarantees the data variety in the studied series. 
METHODS
The research procedure and methods applied in the work. 1. The studied series were tested for their convergence with the normal distribution with the Shapiro-Wilk test and for their homogeneity with the Bartlett's test, 2. Normalisation of studied series.
The transformation of the random variable x with density function f(x) into a random variable with density function f(u) with normal or close-to-normal distribution is referred to as normalisation of the random variable x. Out of numerous methods of series transformation, the Box-Cox technique [BOX, COX 1964; 1982] was selected for the sake of this work:
The above is a power or logarithmic transformation. It is true if each element of the series is greater than 0. This condition, however, can be made obsolete by an appropriate shift of data. What is sought with this kind of transformation is such λ parameter so that after the transformation with this parameter λ the empirical distribution maximally approximates the normal distribution pattern. Methodically, this parameter is found by checking for which λ the correlation coefficient of the quantiles of the series distribution after the transformation with the quantiles of the normal distribution is the highest. Theoretically, the λ parameter can take the values of any sign. Therefore, it should be assumed that the series calibration towards the normal distribution does not depend on the direction of skewness.
As it can be observed, the Box-Cox method belongs to the family of transformations including numerous basic and commonly-applied transformations such as [OSBORNE 2010 It should be also mentioned that the Box-Cox transformation is widely used in a number of fields of science. Apart from climatology (e.g. HE et al. [2013] ), hydrology (e.g. THYER et al. [2002] ) it is used in e.g. econometrics [NELSON, GRANGER [1979] , biology [PELTIER et al. 1998 ] and others. 3. Following the normalisation process the series were re-checked for their convergence with the normal distribution with the Shapiro-Wilk test and for the homogeneity of the variance with the Bartlett's test. 4. Standardisation.
Standardisation is also a type of a linear transformation of a series with the distribution which is close-to or of normal pattern , the result of which is a series with the mean of 0 and with standard deviation of 1. The transformation is as follows:
The process of standardisation is aimed at limiting the infinitely numerous normal variables to one standard. In other words, standardisation enables the comparison of a number of series characterised by various input data -both in respect of their scale and the unit of measurement.
Trend determination
The trends of normalised and standardised precipitation and river discharge values have been depicted with the use of a moving trend (segment, crawling). This method is particularly useful for the analysis of long series characterised by irregular and numerous changes in the direction of the trend within the series. The moving trend does not have the analytical form of a mathematical function.
Smoothing of a series is about an arbitrary determination of the smoothing constant k (k < n) and then estimation of structural parameters of the linear function of the trend on the basis of subsequent fragments of the series with the length of the constant k. For a chronological series y 1 , y 2 , ..., y n and the smoothing constant k, the subsequent fragments of the series are: Next -by way of the classic method of least squares -the structural parameters of the function in each segment are estimated. The number of segments in the series equals n-k+1, e.g. for a series comprising 60 values, with the constant k = 15 years, the number of segments is 46. The linear functions of the trend for each segment are as follows:
The ultimate smoothing of a series is arrived at by calculating arithmetic means from the theoretical values. The analysis has been performed for the constant k = 15 years.
RESULTS AND DISCUSSION
The transformation was applied to all the series for which the result of the Shapiro-Wilk test was positive i.e. there was no reason to reject the hypothesis stating the convergence of the distribution function of a studied series with the that of the normal distribution, and to those whose result was negative i.e. there was a reason to reject the hypothesis -the distribution function of the studied series was not convergent with that of the normal distribution. The transformation was used for the series which displayed normal distribution (following the Shapiro-Wilk test) in order to verify whether the data distribution in the series would be additionally improved.
Figures 2 and 3 (Quantile -Quantile plot), frequently referred to as the quantile plot for the normal distribution, depict selected transformations of precipitation and discharges. It is a rule of a quantile plot that if the observations are derived from the normal distribution, the points are aligned along a straight line. The graph is also indicative of the degree of deviation from the normal distribution which characterises the series being compared, e.g. the skewness of the series. Table 2 presents the values of the λ parameter for all the studied series of precipitation data. For the monthly series three groups of series are evident: -monthly series for the winter half-year -especially the series from December to April -for them, the λ parameter achieves the highest values. -monthly series: May, June and October -the λ parameter achieves the lowest values. -monthly series for the summer half-year -from
July to September and in November -the λ parameter achieves the values between those quoted above. Table 3 presents the values of the λ parameter for all the studied series of the river discharge. It is difficult to indicate any schematic ordering of the λ parameter in this respect. What is worth emphasising, though, is the fact that the values of the λ parameter I  II  III  IV  V  VI  VII  VIII  IX  X  XI- for the discharge are significantly lower than are those for precipitation as they are close to zero, which might indicate a higher level of skewness of the series. The values of the λ parameter borderline zero, which indicates a logarithmic transformation of the variables, however, the λ value is also in the negative territory hence it is necessary to apply a reverse transformation in order to align the elements of the series correctly. The determined λ parameters are of different values, which calls for the application of power transformations with various exponents for monthly precipitation series. It is of primary importance as in drive to select the most precise transformation it is not necessary to assume a priori one function transforming all the series of monthly precipitation. A similar approach should be adopted for river discharge series.
In the case of monthly precipitation series there is a statistically significant relation between the λ parameter and the skewness of the series. This relation has been described by means of the Spearman's rank correlation method on the significance level of p-value < 0.05 the relation has been identified by: -grouping the λ parameter and the related skewness for all the monthly series from the winter half-year period (r s = -0.62). -grouping the λ parameter and the related skewness for all the monthly series from the summer half--year period (r s = -0.68). -grouping the λ parameter and the related skewness for all the monthly series from the whole year period (r s = -0.76).
Hence, the higher the skewness, the lower the value of the λ parameter. The series for NovemberMarch precipitation (winter series) display a lower level of skewness than do those for July-October (summer series). Therefore, it appears necessary to adopt a higher value of the λ parameter so that the winter-period series are transformed to the series convergent with the normal distribution. The summer--period series, on the other hand, require lower values of the λ parameter used for the transformation. The series for April-June period are characterised by the highest levels of skewness, that is why, the values of the λ parameter are the lowest for these months.
For river discharges the correlation between the skewness of the series and the λ parameter occurred by: -grouping the λ parameter and the related skewness for all the monthly series from the winter half-year period (r s = -0.51). -grouping the λ parameter and the related skewness for all the monthly series from the whole year period (r s = -0.36).
The p-value of the Shapiro-Wilk test can prove an interesting form of the correct and the best selection of the transformation function. The p-value is defined as the borderline level of the test significance at which the hypothesis is not rejected. It is frequently used in statistics as a measure of probability of making a type I error, which is rejecting a null hypothesis in case when it is true. information that can be inferred from the table is of double nature. In which months and how many series had the distribution convergent with the normal one and what is the accuracy of the performed transformation.
For monthly precipitation distributions a certain pattern can be observed. In most cases (approx. 92%) the distributions were not of a normal pattern in the summer half-year months (May-October). In the winter half-year months (November-April) the structure was nearly balanced with approx. 46% of the series having the normal distribution and 54% displaying other distribution patterns. The transformation caused all the monthly precipitation series for whichever half-year period to be normalised.
In the case of the distributions of the mean discharges series (monthly, half-yearly, yearly and concerning the growing season) none of them was convergent with the normal distribution (Tab. 5). After the transformation, most of them (94.6%) were normalised as well. The results presented in Tables 4 and 5 unambiguously indicate that the accuracy of the transformation performed with the Box-Cox method is very high and it is true for both precipitation and discharge series. The accuracy concerns each of the series -monthly, half-yearly and yearly values as well. This situation derives from the fact that during the analysis process each of the series was given an individual consideration. Each one of them was individually subjected to the process of searching the best transformation function.
The results of the homogeneity of the variance of the series after the transformation also proved to be highly satisfactory both for precipitation and river discharges. Out of 96 series for monthly precipitation 16 (19.7%) were not homogenous in terms of variance before the transformation. What was characteristic was the disproportion between the non-homogeneous precipitation series for the winter months and the summer ones. Lack of homogeneity was more frequently identified in the summer months -13 times, with only 3 times in the case of the winter half-year period. All the remaining series i.e. yearly, half-yearly and for the growing season were homogeneous before the transformation. After the transformation merely two series for monthly precipitation remained non--homogeneous, which makes approx. 2% of the total number of values and remains within the realm of the statistical error. Equally good results were obtained for river discharge series. It should be made clear that before the transformation the series of mean monthly discharges were not homogeneous in 42 cases (80% of their total value). The series of mean discharges for the summer and the growing season months were of non-homogeneous nature while those for the winter months and the whole year were homogeneous.
After the transformation only 5 series of mean monthly discharges remained non-homogeneous.
The entire series normalisation and standardisation process made it possible to identify dry periods, which goes along a specific scheme. MCKEE et al. [1993] suggest that a dry period be described by the values of the series after normalisation and standardisation which fall in the range between 0.0 and -0.99. They referred to such an event as a mild drought. Consequently, the range -1.00 to -1.49 was classified as a moderate drought, -1.50 to -1.99 as a severe drought and ≤ -2.00 as an extreme drought. In subsequent works, among others GUTTMAN [1999] , the classification of dry and wet periods was made following the scheme presented in Table 6 . BĄK, ŁA-BĘDZKI ŁABĘDZKI [2006] , however, point out the need for this classification to be modified so that the threshold value was set at -0.5. Again, they refer to such an event as a mild drought. The change is justified by the fact that the shortage of rainfall occurring in these periods may affect the growth of plants, particularly in agricultural areas. GUTTMAN [1999] .
Due to agricultural bias of the studied area, Figure 4 depicts the results obtained for precipitation and discharge in the growing period. In order to facilitate the distinction between the normalised, standardised and classified values, in respect of precipitation they have been denoted SPI (Standardized Precipitation Index) and for discharges -SDI (Standardized Discharge Index). The shape of the line of the moving trend indicates intertwining occurrence of dry and wet periods. What is characteristic is the appearance of periods of greater and smaller precipitation and discharge values in relation to their mean value. There seems to be a high degree of convergence between the periods of atmospheric and hydrological droughts. It might be assumed, then, that the fluctuations and short-term (several years) precipitation trends have a greater impact on the development of agriculture in this area than do the long-term trends.
CONCLUSIONS
The Box-Cox method applied for the sake of this analysis met all the initial assumptions. Its universal character enabled precise calibration of the transformation of series of various data -precipitation and river discharges. With this technique, the best transformation function for the studied series was selected. It also made it possible to homogenise the series in terms of variance. Therefore, it should be assumed that the method can be applied to perform transformations of other series of nature-related data. Owing to the application of the Box-Cox transformation, the complex, though standard, stage of analyses -the evaluation of the probability density function for input data -was omitted.
The analysis of the relation between the series skewness and the transformation function parameter in the case of monthly precipitation proved it to be statistically significant. The authors, believe, though, that these results must be confirmed using a substantially wider base of data series.
It must be mentioned, as well, that the automatic and only one parameter of transformation of all the series of data does not guarantee the same distribution pattern -the normal distribution of the transformed data as a result. This is particularly true for the series of monthly values.
Owing to the series having been normalised and standardised, the periods of droughts in the growing season in the agricultural area were possible to be identified and classified.
